In this paper we explore new developments in genomics, in particular the move from data sequencing efforts like the Human Genome Project (HGP), to newer forms of data-driven genomic work that focus explicitly on the complicated relationship between genes and environment. We compare the use of a key term within the HGP, the metaphor of "foundation," to the use of a different term, the metaphor of "profile," within the GenomEUtwin consortium, an exemplar of "post-genomic" projects. By doing so, we attempt to re-think the role of language and metaphor in scientific projects and explore new developments in post-genomic research. These developments include: first, the movement towards an explicit and programmatic acknowledgement of the complexity of gene and trait relationships, second, the use of bio-informatics techniques as exploratory tools of discovery rather than as part of a more straightforward "decoding" effort, third, the development of network infrastructures that link up and provide access to a vast array of different databases, and fourth, the alignment between various disciplines and interests within biology, clinical work, and public health initiatives. We use the metaphor of "splicing" to emphasize the heterogeneous work of scientists engaged in "weaving together" the diverse set of ideas, interests, and players necessary for the success of large-scale scientific projects.
Introduction
Many of the new "post-genomic" projects can be seen as a response to criticisms of the Human Genome Project, criticisms based on public disappointment as to its ultimate outcomes and dissatisfaction at the lack of medical and health benefits promised. One key difference appears to be an emphasis on the interactions of gene and environment, marked by new research projects and protocols aimed at exploring the complex relationship between genes, the environment, and physiological traits. In addition, the development of novel, networked databases replete with data consisting of digitized biological information from multiple sources can be understood as part of the "informational turn" in biology (Beaulieu, 2004; Lenoir, 1999; Wouters et al., 2002) .
In this paper, we explore the shift in the biological sciences from genomics to "postgenomics" and the creation of new large-scale biological projects. One question that needs to be addressed is why these newer projects are being funded and developed, despite the criticisms noted above. We take the position that scientific knowledge and direct health benefits are not the only products of biological research. Instead, the construction of technological infrastructure, the development of training and the creation of expertise, as well as other types of value are part of what makes these projects successful. Equally, these projects provide the possibility for strategic alliances between scientists, policymakers, technology providers, public health experts, and many others. Understanding how these diverse players link up is thus of paramount importance for untangling the complex interests involved and the promises that are made. We argue that one of the tools by which these constellations negotiate perspectives, needs, and interests is through the ad-hoc use of conventionalized metaphoric expressions (Lakoff and Johnson, 1980 ) that provide an important resource for the managing of differences necessary for the successful construction and maintenance of large-scale scientific projects.
In this paper, we provide an overview of the development of two large-scale scientific projects in biology, the Human Genome Project (HGP) and the GenomEUtwin project. We detail some of the tensions around the HGP by examining scientific papers, project reports, science and technology studies (STS) scholarship, and journalism, in order to better characterize the maintenance of this project. We focus on the use of the term "foundation" by members of the HGP consortium to describe and evaluate the past, present, and future of the HGP. We then use our understanding of the tensions around the HGP to contextualize the development of GenomEUtwin, a project we see as being based on both the successes and failures of the HGP. Here, we rely on scientific papers, reports, and, importantly, interviews, to detail new directions in genomic research and better understand how these projects are constructed and maintained.
Metaphors in scientific communication
The call for the joint meeting of the Society for the Social Study of Science (4S) and the European Association for the Study of Science and Technology (EASST) in 2004 focused on the issue of public proofs and the problem of trust between scientists and publics. One element of this relationship has been called "public understanding of science," a series of interdisciplinary approaches which have, in the past, tended to emphasize scientific literacy and the problem of misapprehension of scientific ideas by publics.
A key aspect of the initial version of this model suggested that the problem of trusting scientists is due to an ignorant public-educate the public (i.e. improve widespread scientific literacy) and you create a more trusting and enthusiastic public relationship to science (Bodmer, 1985) . As a recent article in the journal Public Understanding of Science commented: "This would, of course, be a rather happy outcome for the scientific research community" (Sturgis and Allum, 2004: 55) . Such a comment also points to a dissatisfaction with such models.
1 Although a deficit model of public understanding of science is an often critiqued theory (Irwin, 1996; Sturgis and Allum, 2004) , it does have a way of creeping back in, particularly in criticisms of scientific language and "jargon." Such arguments say that the problem of public understanding is partly due to the reliance on expert speech genres within scientific domains (e.g. Leggett and Finlay, 2001) . Publics can't understand or worse, misapprehend, scientific speech and come to faulty conclusions. Again, while a fair amount of recent work in STS has pointed to the more deliberate work of "expectation building" within scientific projects and its relation to grantsmanship and other overtly political projects, a linguistic version of the deficit model often re-emerges. One linguistic form that often comes under fire is the metaphor (see below but also Hubbard and Wald, 1993; Lippman, 1992; Nelkin and Lindee, 1995) .
For example, in a perspective article published in the 4 July 2003 issue of the journal Science, Arizona State University biologists and historians of science Matthew Chew and Manfred Laubichler examine what they see as a particularly rampant use of metaphors within ecological science. The article, entitled "Natural Enemies-Metaphor or Misconception?" addresses the use of war and conflict metaphors to describe the ecological ramifications of introduced species. The authors center their argument around the use of the term "natural enemies" and the way it carries with it "unscientific" connotations. In an interview published in their local university newsletter, they said: "Scientists claim that they are continually misunderstood, but we should examine how much they contribute to potential misunderstanding. Using this as an example, it seems disingenuous for them to complain" (Hathaway, 2003) .
The article claims a number of problematic features of metaphors:
Simplicity and intuitive appeal are . . . the main reasons why scientific language has never succeeded in "cleansing" itself from metaphorical "impurities" . . . Metaphors introduce a fundamental trade off between the generation of novel insights and the possibility of dangerous or even deadly misappropriation. (Chew and Laubichler, 2003: 52) The quotations are demonstrative of two contradictory thoughts about metaphors, where the fear of misappropriation is balanced against the productive quality of novel thinking. In one way, then, we might equate these authors' feelings about metaphors to the fears around introduced species that they present in their article. In this light, scientific metaphors are productive within the tightly controlled boundaries of their natural environments-i.e. scientific work and discussion-but dangerous and destructive if they escape.
However, this is not the only view of scientific metaphors. 2 An alternative view focuses on the productive nature of metaphors. In the section below, we connect two slightly different positions that both analyze metaphors as productive. These are, namely, work on metaphors in scientific communication and scholarship on metaphors as part of social organization.
Three uses of metaphors have been most obvious within recent scholarship. First, metaphor analysis has been used to explore the work of scientists, typically by relating the development and transference of scientific theories and concepts, either within science (e.g. Black, 1993; Bono, 1990; Brown, 2003; Hesse, 1966; Leatherdale, 1974) or as used to communicate scientific concepts to a lay public (e.g. Bucchi, 1998; van Dijck, 1998) . A second stream of work has focused on metaphors as carriers of knowledge or information at the level of communicative activity. Within this stream, metaphors have been used to explore the framing of public debates (e.g. Putnam et al., 1996; Schultze and Orlikowski, 2001; Stutman and Putname, 1994) . Finally, metaphors have been analyzed as the ways users (whether as institutions, groups or individuals) are directed towards particular possibilities for action with technologies (e.g. Van Lente, 2000; Wyatt, 2000) .
Thus, scholars have explored how metaphors provide ways to translate between various "frames" of experience (Black, 1993; e.g. Bono, 1990) , make unfamiliar situations familiar (Schultze and Orlikowski, 2001 ), or construct a "common ground" within diverse communities (Maasen and Weingart, 2000) . What unites all these perspectives is a focus on how metaphors work to maintain coherent understandings within disparate communities. Metaphors are robust enough to maintain certain characteristics, and flexible enough to allow for several interpretations and various uses of the metaphors (Hellsten, 2002) . In this sense, metaphors can be understood as "boundary objects" (Hellsten, 2002; Star and Griesemer, 1989 ) which serve to unite diverse interests and manage the work required to continue productive joint activity.
These perspectives form a strong grounding for our understanding of the usefulness of metaphors in scientific work. In order to better understand how large-scale scientific projects are developed and maintained, we emphasize the use of metaphoric expressions that provide connections across "contexts of knowledge" (Maasen and Weingart, 2000) . Rather than focusing on metaphors at the conceptual or cultural level, as do many who have studied metaphor-i.e. root metaphors (Pepper, 1942) , generative metaphors (Schoen, 1979) , conceptual metaphors (Lakoff and Johnson, 1980 )-we focus instead on more bounded metaphoric expressions (e.g. Zinken et al., 2005) . Our goal has been to examine the use of specific key expressions in detail and analyze the variety of connections made within the discursive work of the projects we have studied. This work falls into a tradition of key word analysis (e.g. Callon et al., 1986; Maasen and Weingart, 2000) . Equally, such analyses of key metaphoric terms in multiple contexts have also been mapped by Hellsten and Leydesdorff (2004) . While their analysis focused on a quantitative "network" mapping of the proliferation and exchange of terms within and between politicians, journalists, and scientists, our focus is a more qualitative examination of how specific terms are used to further the goals of the projects we study. Our goal is to examine how these terms are used to connect together and communicate scientific insights, but also to legitimate organizational and technological decisions. In this sense, our focus in this project has been on words used in similar ways to what Miettenen (2002) calls "transdiscursive terms." Drawing upon the work of Foucault, Miettenen defined these as words that carry out important organizing functions for large-scale and diffuse organizations. Such functions include connecting social groups and institutions in shared discussions and acting as "epistemic organizers" (Elzinga, 2004: 114) by connecting past and present accounts. But whereas Miettinen explores how transdiscursive terms are intentionally generated by policy interests in order to unite diverse groups under a single "umbrella" concept, we focus on terms that are used in a more "ad-hoc" way to provide linkages between interests and ideas. These terms, which we call splicing metaphors, do have resonance across social and disciplinary contexts and provide references to divergent ideas and technologies. However, their task is less about "maintaining coherence across intersecting social worlds" (Star and Griesemer, 1989: 393) , and more about providing a common point for connection. Rather than sitting at the heart of struggles over meaning, the diversity of meanings and associations connected to these terms are accepted and not necessarily debated. Thus, as opposed to "immutable mobiles" (Latour, 1987) , whose power came from their ability to cross epistemic boundaries and maintain consistent definition, splicing metaphors, like boundary objects 3 more generally, are useful because they circulate, not because of stable meanings (Wouters et al., forthcoming) .
Splicing metaphors
Splicing metaphors are terms used by the agents involved in the construction and maintenance of large-scale scientific projects. Rather than helping to create a stable consensus among disparate interests, the usefulness of these terms lies in their ability to help manage difference. The key element here is the issue of stability and the reflexiveness of the agents involved. While shared coherent meanings are necessary for the management of 34 Public Understanding of Science 15 (1) large-scale scientific projects, we also believe that terms that provide mappings to a diversity of meanings are also important.
These terms are powerful organizers within scientific projects precisely because they do not rely on a shared consensus built on the fiction of linguistic stability or a singular relationship to an abstract level of conceptual or cultural meaning. We call these splicing metaphors in order to emphasize their deliberate use to "tie together" disparate players, ideas, and goals. Here, we use the metaphor of splicing to emphasize a number of important features. First, the term splicing originates from the same root word as the verb "split" and refers to a process of joining together that begins with "dividing or splitting the ends [of ropes or cables] into separate strands" (Webster's Revised Unabridged Dictionary, 1998 Dictionary, [1996 ). These strands are then interwoven in such a way as to create a join between one or more pieces. The metaphor of splicing thus emphasizes the interfiliated nature of large-scale scientific projects, made up of various scientific, public, and private interests. The way "threads" from the different domains are woven together in a close, but not inseparable bond reminds us of the work that goes into creating splices, and also the need to maintain them. Without ongoing maintenance, the splices that help manage scientific projects can begin to unravel.
In addition, the term splicing has been used in the domain of genetics to refer to two different phenomena: first, as a description of the process whereby scientists connect together strands of DNA from two different organisms to create a wholly new third organism (commonly known as gene splicing); second, as a description of the process whereby introns are removed from mRNA precursors, and the remaining exons are combined together to form functional mRNA (commonly known as RNA splicing). This latter definition also serves as part of the description of a phenomenon known as "alternative splicing" that attempts to explain the multitudes of protein sequences that can be the result of a single DNA sequence.
We see the metaphor of splicing as productive for describing the use of specific key metaphoric terms within large-scale scientific projects. The most important purpose of splicing metaphors is to help legitimate scientific projects by "weaving together" ontological claims and specific scientific work. In addition, some splicing terms can be used to create a contiguous historical "strand"; by providing a temporal order for the project, these terms both characterize the past and predict future directions as necessary. Finally, the partial ambiguity of the metaphoric terms allows them to be used to link together various aspects of projects, providing the possibility for various "alternatives" (e.g. alternative meanings to be associated with the same term). Thus, splicing emphasizes the interwoven, temporal, and alternative possibilities that are indicative of the dynamic and heterogeneous nature of scientific and social work. For many, these developments, and the new theories and techniques that surround them, are understood as having transformed the life sciences. The 2003 US National Academy of Sciences annual symposium was no exception. Entitled "The New Biology: Celebrating the Past, Imagining the Future," it provides a good overview of the changes that are seen as having taken place. Now the recognition of DNA as the fundamental determinant of life and the discovery of its molecular structure has certainly transformed biology from a largely descriptive and phenomenological science to one with an over-riding chemical and molecular perspective. Indeed, the biological principles established over one hundred years of research, can now be restated in molecular terms. (Berg, 2003) Here, Berg, the Cahill Professor Emeritus in Biochemistry at the Stanford University Medical Center, describes the overall change as one from biology as a "largely descriptive" and experiential science to one based in theoretical and conceptual work. This is a theme that has been taken up by many advocates and critics of the "new biology," who associate with these developments changes in scientific practice and knowledge, as well as large-scale medical and public health ramifications. Key to these changes is the characterization of genes and DNA as the "fundamental determinant of life."
The main exemplar of the "new biology" is the Human Genome Project (HGP). Founded in 1991 as a consortium of various institutions in the United States, Europe, and Japan engaged in sequencing efforts, the HGP sought to "decode" a complete human genome sequence. This goal, sponsored by governments as well as private non-profit trusts, was often defended by its advocates as resulting in new visions of public health, new medical therapies "tailored" for individual genotypes, as well as other kinds of genetically based medical interventions. Upon the completion of a first draft of the human genome sequence, Bill Clinton stated that genomic science would ". . . revolutionize the diagnosis, prevention and treatment of most, if not all, human diseases" (Clinton et al., 2000) . This was followed by a statement from Tony Blair that mirrored the language of revolution, ". . . what we are witnessing today-a revolution in medical science whose implications far surpass even the discovery of antibiotics . . ." (Clinton et al., 2000) .
These quotations are indicative of the grand visions that developed around the HGP. In addition, scientists promised new medicines specifically tailored for an individual's genetic makeup, genetic engineering techniques that could extend and better life, as well as great advances in our knowledge of how biological organization and evolution take place.
Such grand claims were balanced by criticisms from vocal scientists such as Richard Lewontin. At the start of the HGP in 1990, Lewontin argued that the methodology and perspectives of the HGP were based in genetically determinist thinking (Lewontin, 2001) . Equally, some anthropologists and philosophers have criticized the HGP as being antievolutionary and pre-Darwinian.
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Despite these early criticisms, public debate has taken longer to form. The ethical, legal, and social implications of the HGP and its associated technologies had often been addressed in public forums by journalists and pressure groups who raised fears about genetic discrimination, the misuse of public funds, and issues regarding intellectual property rights. However, the scientific merit of the HGP, i.e. whether or not sequencing efforts and gene discovery techniques would provide the knowledge described by their advocates, had remained largely outside the public purview.
This changed when in February of 2001, the international consortium responsible for the sequencing effort published a draft sequence containing an unforeseen insight-the human genome consisted of only approximately 30,000 genes, far fewer than the 150,000 predicted by some scientists, and too few to alone account for the complexity of inherited traits in humans or the differences between humans and other organisms. The gene was obviously not the only source of biological difference, a concept that caused some of the original claims of the HGP to fall into public dispute. Critics included Barry Commoner who, in a February 2002 feature article for Harper's Magazine, saw the HGP's outcome as troubling some of the central theses of genetic science (Commoner, 2002) . Although himself criticized for reductive thinking, Commoner's argument-and the public forum in which the issue was raised-demonstrate renewed attention to the scientific understandings associated with the HGP.
In addition, molecular biologists themselves have noted the "surprise" of the HGP outcome. Richard Strohman, an emeritus professor in the Department of Molecular and Cell Biology at UC Berkeley, wrote about this discovery:
To me it suggests nothing less than a breakdown of the major paradigm guiding the entire HGP effort. That is, it was nothing less than the failure of genetic determinism . . . But after almost a century of life sciences dominated by this theory, and after ten years of the HGP dedicated to finding the genes for human diseases, their diagnosis and cure, and much more; . . . after all that, to now announce that the entire project was based on an incomplete theory, would have been much more than a shock . . . it would be a scandal. (Strohman, 2001) And an article in the January 2002 issue of Nature Genetics states:
The sequencing of the human genome has raised important questions about the nature of genomic complexity. It was widely anticipated that the human genome would contain a much larger number of genes (estimates based on expressed-sequence clustering ran as high as 150,000 genes) than Drosophila (14,000 genes) or Caenorhabditis elegans (19,000 genes). The report of only 32,000 human genes thus came as a surprise. (Modrek and Lee, 2002: 13) This same article describes a process called alternative splicing, a theory that explains how one gene might be responsible for many different expressions of mRNA and thus of various proteins. Despite the process being well documented in several genes since the 1980s (articles from the journal Cell and the Proceedings of the National Academy of Science are cited in defense of this), the researchers state: "The study of alternative splicing has long been a valuable subfield within molecular biology, but has received comparatively little attention compared with major fields such as the discovery of new genes or transcriptional regulation" (Modrek and Lee, 2002: 13) . Hidden within this brief comment is something of a criticism directed at past genomic research. The authors seem to be taking the small number of human genes revealed by the HGP to indicate that genomic research has not to date followed some of the possible productive paths available.
The HGP as "foundation"
An article written by members of the US National Human Genome Research Institute and published soon after the 14 April 2003 announcement of the completion of the HGP, sets forth a "blueprint" 6 for the future of genomic research: "The completion of a high-quality, comprehensive sequence of the human genome, in the fiftieth anniversary year of the discovery of the double-helical structure of DNA, is a landmark event. The genomic era is now a reality" (Collins et al., 2003: 835) . The authors depict genomic research as a building, with the HGP providing a foundation upon which future research will be built ( Figure 1 ).
They go on to say: "The broadly available genome sequences of human and a select set of additional organisms represent foundational 7 information for biology and biomedicine" (Collins et al., 2003: 837) . Peter Glasner (2002) has commented on this picture, seeing it as an example of a discursive twist by proponents of the HGP. Glasner notes that in order for Ratto: Foundations and profiles 37 the HGP to become a "foundation" rather than the "Holy Grail" of biological science, the results of the HGP have had to be transformed into a "black box," accomplished "through the simple device of admitting that molecular biologists knew all along that the HGP would not provide access to the 'Holy Grail'" (Glasner, 2002: 269) .
It is true that the metaphor of "foundation" is doing important work for the HGP and for new work being developed by previous members of the HGP consortium. But it should be noted that this is not the first time that the term has been used in the context of the HGP. A search through the project reports and press releases of the US part of the HGP, run by the National Human Genome Research Institute (NHGRI) 8 reveals that the term "foundation" is used in both press releases and project reports as far back as 1993 to describe the work of the HGP. The first usage occurs in the following quote:
Thus, development of efficient technology for approaching detailed analysis of several megabase sections of the genome will provide a useful bridge between conventional genetics and genomics, as well as a foundation for innovation from which future methods for analysis of larger regions may arise. (NHGRI report 1993, originally published as Collins and Galas, 1993) Similarly, the term is used in a 1996 press release:
The technology development projects hope to provide not only the improvements needed to complete the gargantuan human DNA sequence by the year 2005, but also a foundation for 21st-century biomedical research technology, which will rely heavily on comparing and analyzing the sequence of entire genomes from several individuals or from different species. (NHGRI, 1996) And in the 1998 report:
Beyond that, research must be supported on new technologies that will make even (1) higher throughput DNA sequencing efficient, accurate, and cost-effective, thus providing the foundation for other advanced genomic analysis tools. (NHGRI report 1998, originally published as Collins et al., 1998) Such uses of the term would seem to defend Collins et al.'s depiction of the HGP as just the starting phase in a larger genomic project and deflect Glasner's criticism that this depiction is a new move by members of the HGP. However, Glasner is right in seeing this metaphor taking on new power at the end of the project, as is witnessed by the number of times the term is used in 2003: "The Human Genome Project has provided us with a wonderful foundation, but obviously having the human genomic sequence is not enough . . ." (NIH, 2003) . And in a press release on 14 April 2003, announcing the completion of the human genome sequence and subtitled, "All Goals Achieved; New Vision for Genome Research Unveiled": "Biomedical researchers now have tremendous foundation on which to build the science and medicine of the 21st century" (NHGRI, 2003) . And: "With this foundation of knowledge firmly in place, the medical advances promised from the project can now be significantly accelerated" (NHGRI, 2003) . And in the triumphant article in Nature: "If we, like bold architects, can design and build this unprecedented and noble structure, resting on the firm bedrock foundation of the HGP, then the true promise of genomics research for benefiting humankind can be realized" (Collins et al., 2003: 847) .
While many metaphors have been examined in the context of the HGP (e.g. Kay, 2000; Nerlich and Hellsten, 2004; Van Dijck, 2000) , why focus on this one? We see the term "foundation" as acting as an important splicing metaphor for the HGP, due to the way it leverages ontological claims about genetics while remaining somewhat ambiguous, provides a temporal order to both the past and the future of the project, and works to connect up various public and private interests.
Some of the usefulness of "foundation" is specifically related to it being used in a metaphoric sense. Theories of metaphor have emphasized the way metaphors map meanings between two different domains, often referred to as the source domain and the target domain (Lakoff, 1993; Lakoff and Johnson, 1980) . They do this by providing a variety (but not unlimited set) of characteristics, some of which are emphasized when the term is used in a metaphoric sense.
Such mappings are most obvious in the above picture where genomic science is represented as a building and the HGP (the target domain) presented as its foundation (source domain). Here, the physical world is brought to bear on the definition of the HGPthe cement and mortar of an actual foundation, with a selection of its physical characteristics such as its strength, are mapped onto the HGP. Metaphors, with their ability to map meanings, are a perfect candidate for acting as splices, not just between source and target domains (source-target), but also between source and multiple target domains (sourcetarget-target).
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In other words, splicing metaphors do not just map meanings between a metaphoric term and that which it is intended to represent, i.e. the HGP and a physical foundation, but also help splice together the diverse set of elements that make up the HGP. The metaphor of foundation does this not by uniting all these elements under a single coherent shared sense of what the metaphor of foundation means, but by relying on the multitude of meanings associated with it.
"Foundation" is a successful characterization of the HGP for a number of reasons. First, "foundation" by explaining past genomic work and predicting future scientific developments provides a temporal order, placing the HGP at a specific point along a longer scientific trajectory of genomic work. In this way, foundation leverages the past by telling a story Ratto: Foundations and profiles 39 about it and, at the same time, helps to set what Brown and Michael (2003) called the work of "scientific expectations." This use of the metaphor of foundation derives from the physical sense articulated above, but focuses on temporality. A foundation of a building comes, obviously, first. Thus, by calling the HGP a foundation for future work, rather than the work itself, Collins et al. make the future development of genomic science contingent on the development of the HGP.
Equally, the term foundation has a number of associated meanings. A glance at Roget's English Thesaurus (2005) reveals connections to terms that denote both support, such as ground, base, basis, and terra firma, but also terms denoting cause, such as origin, source, principle, element, and prime mover.
10 Foundation, in a metaphoric sense, partakes of these, as well as other meanings.
One of these is graphically illustrated in the picture from the vision paper of the NHGRI. Here, foundation is meant as preparation, as in provision, providence, anticipation, foresight, groundwork, cradle, stepping-stone, or scaffold. But this use belies a kind of artful ambiguity in this term, which could easily be perceived as meaning cause. A search through abstracts and titles from a corpus of molecular biology journals 11 reveals many ontologically similar metaphors at work. Examples include metaphors such as "genetic background," "genetic basis," and "genetic origin." Thus, the metaphor of foundation suggests the classic sense of genetics as the basis and cause of biological difference and, at the same time, provides a connection to a more sophisticated and less-ontologically bound sense of genetics as support for biological difference.
Within the context of the HGP, this balancing act is particularly important given the criticisms of "genetic determinism" that have been leveraged against the HGP. Foundation becomes a way of rearticulating powerful but deterministic genetic concepts and simultaneously incorporating ideas about genetic variation, as in the quote: "Develop the intellectual foundations for studies of sequence variation. The methods and concepts developed for the study of single-gene disorders are not sufficient for the study of complex, multigene traits" (Collins et al., 1998: 686) .
Finally, as shown in the above quote reproduced here, the term foundation refers to not just the scientific ideas of the HGP, but also its larger mission of technological development and training: ". . . research must be supported on new technologies that will make even higher throughput DNA sequencing efficient, accurate, and cost-effective, thus providing the foundation for other advanced genomic analysis tools" (Collins et al., 1998: 685) .
Thus foundation connects up a constellation of science and technology interest groups, including classical geneticists, molecular biologists, genetic epidemiologists, and sequencing technology manufacturers-as well as science policy advisors whose goal is the maintenance and development of a genomic science infrastructure. It does this by explaining why the HGP was funded in the first place, and positing what the value of this work might be for future research, and what the role of the HGP in genomic scientific and infrastructural development might be.
To briefly restate some of the points from above, the HGP has been accused of overvaluing the role of genomic sequences for the development of new medicine and health benefits and undervaluing the role of environmental and lifestyle factors in the progression of disease. These criticisms are based on two perceptions. First, that the HGP's construction of a single genomic "reference" sequence ignores normal genetic diversity (a perception that has caused some critics to call the HGP "anti-evolutionary" and "pre-Darwinian"). Second, that the HGP's emphasis on "pure" genetics enforces an understanding of genes as the "ultimate" and fundamental cause of biological difference. Above, we detailed the relation-ship between these criticisms and the use of the metaphor of "foundation" in describing the scientific work and outcomes of the HGP. What then are some of the splicing metaphors at work in "post-genomic" work? First though, how are various people, scientific concepts, and technologies being connected in new project formations?
From genomics to "post-genomics"
The completion of the HGP was marked by increasing public debate as to the scientific merit of the project. The characterization (or re-characterization) of the HGP using the metaphor of "foundation" was one such response. Others have included a host of new projects, many of them focused on addressing and overcoming the claims of "genetic reductionism" associated with the HGP and genomics more generally.
Various scientists from within biology have begun to emphasize new strategies that explore the relationship between genes and biological traits. Scientific efforts include the creation of new genomic databases developed specifically to explore the phenomenon of alternative splicing, 12 as well as newly emphasized areas of exploration such as that of proteomics. In both these cases, the novelty of development typically lies in the creation of new bio-informatics tools focused explicitly on addressing the relationship between genes and expressed biological traits. An important example of this trend is the creation of new large-scale database projects, oriented towards linking genetic sequence information to environmental and lifestyle data. Key resources for such studies are existing population registers, including those devoted to tracing family lineages, as well as compilations of biological samples.
These projects are different from previous genetic databases. First, the digital data they are recording and archiving also include demographic, health care, and physiometric records-not just data from genotyping or protein sequencing-as well as the preservation of biological materials such as tissue and blood samples. Thus biobanks serve as a good example of four related strategies in current biology; first, the movement towards an explicit and programmatic acknowledgement of the complexity of gene and trait relationships, second, the use of bio-informatics techniques as exploratory tools of discovery rather than as part of a more straightforward "decoding" effort, third, the development of network infrastructures that link up and provide access to a vast array of different databases, and fourth, the alignment between various disciplines and interests within biology, clinical work, and public health initiatives.
This development is in part based on an increased understanding of the complex relationship between environment and genetics in the development of inherited traits and disease. Early genetic research saw the mapping of the human genome and the homological comparison of genotypes in order to isolate so-called "defective" genes as a valuable diagnostic tool. This research demonstrated its success by revealing the genetic causes of such conditions as Huntington's disease and certain forms of breast cancer. However, geneticists soon discovered that single gene conditions were comparably rare and that most diseases, such as those related to cardiovascular health, arthritis, and various cancers are caused by multiple gene interactions, themselves often "kicked-off" by environmental factors. Thus, while the HGP focused on creating a single "reference" genetic sequence, new "biobank" projects combine and compare various types of data, and use a variety of bioinformatics approaches.
One traditional way of mapping the relationship between gene function and structures is through the use of homologues-structurally characterized gene sequences whose functions are unknown are compared to sequences where the function is understood (typically from well-characterized model organisms). This method can work very well in increasing understanding of the pathways of genetic interaction that can lead to simple or monogenetic diseases-for example, how a mutation in a gene can result in the production of an abnormal protein such as in cystic fibrosis. However, in most common diseases, the relationship between genes and disease formation is much more complex. Multiple genes may interact to create a disease state, environmental factors may increase or decrease the likelihood of disease onset, and the intermediary steps between the existence of a genetic polymorphism and a disease might be not well understood.
As a response to the limitation of homologous searches and monogenetic approaches, new statistical methods are being developed and used in post-genomic research. These methods, including linkage analysis, linkage disequilibrium, and association analysis require large data sets and sophisticated statistical knowledge. An exemplar of these new kinds of genetic database projects is the GenomEUtwin project.
GenomEUtwin
GenomEUtwin was funded in 2002 by the European Union (EU) under a special grant structure aimed at facilitating the integration of various genome projects across Europe. The GenomEUtwin project is coordinated by Professor Leena Peltonen, located at the National Public Health Institute in Helsinki, Finland. Other partners are twin register studies located in various European countries. These twin registers, many of which date back to the early twentieth century, often contain blood and tissue samples from most twins born in the country as well as health records and follow-up interviews. In addition, each twin study group is responsible for a core specialization, such as database knowledge, statistics, or epidemiological expertise. However, rather than being in charge of all aspects of their specialization, the core groups act as advisors to all the other groups.
In order to verify the role of genetic variation in common traits such as stature or weight or in the cause of various diseases such as arthritis or heart disease, GenomEUtwin plans to compare the over 30,000 DNA samples already gathered within the six participating twin studies to two existing sources of trans-European population study data, MONICA and its continuation, the MORGAM project. These two projects have, between them, collected epidemiological and health care data relevant for cardiovascular diseases since the early 1980s and currently contain data from over 187,000 individuals, gathered at 12 different European centers. By bringing together twin cohort studies and traditional epidemiology (the MONICA and MORGAM projects), GenomEUtwin hopes to leverage the "unique features" of its European context.
With these goals in mind, GenomEUtwin plans to construct two linked databases. The first, called the Geno-Type database, or GTDB, is being developed as an open source software project.
13 This database will contain the minimal information necessary to do gene mapping studies, specifically data on markers, alleles, samples, and individuals. The second database, linked to the first by way of an anonymized identifier, will contain the records pulled from the various twin study databases. Rather than being a fully centralized database, the plan is to use what is called a "federated" or distributed database, to pull records "on the fly" from the twin registries.
New directions in genetic research
The GenomEUtwin project, like the HGP before it, can serve as an exemplar of new directions in genetic research. Its goals, listed on the project home page (GenomEUtwin, 2004b) , emphasize its European context, the need to leverage this geographical location, and a desire to extend collaboration between European scientists:
We aim to capitalize special advantages of Europe in population genetics by efficient collaboration of twin researchers, genetic epidemiologists, molecular geneticists and mathematicians. Our goal is to identify critical genetic and life-style risk factors for common diseases using European strengths in genetics, epidemiology and biocomputing. (GenomEUtwin, 2004b) Further, the home page emphasizes its temporal location as well, explaining that now is the time for biological research: "The genome sequence, detailed information of genetic variations between individuals, high-throughput molecular technologies and novel statistical strategies create new possibilities to define genetic and life-style risk factors behind common health problems" (GenomEUtwin, 2004b) .
Finally, the home page explains the steps that are necessary to create these new possibilities:
Studies of large population cohorts are needed to transform the genetic information to detailed understanding of the predisposing factors in diseases affecting most human populations . . . This project will apply and develop new molecular and statistical strategies to analyze unique European twin and other population cohorts to define and characterize the genetic, environmental and life-style components in the background of health problems . . . (GenomEUtwin, 2004b) These same issues were emphasized in our interviews with key GenomEUtwin participants-as well as some of the difficulties involved. In a joint interview with two members of the GenomEUtwin database core, Dr. Nancy Pederson, head of the Swedish Twin Register, and Dr. Jan-Eric Litton, Professor of Biomedical Computing Technology at the Karolinska Institute, each emphasized slightly different goals:
Pederson: Well I think we have perhaps little bit different perspectives because Jan and I come from very different backgrounds and what-not. For me, being a director of a twin registry and a behavior geneticist and genetic epidemiologist, the goals are to set up an infrastructure and be able to go ahead and start the basis for gene finding for common complex disorders, but there are a lot of different aspects to the GenomEUtwin project in getting there . . . Litton: I'm the computer guy. The goals are to connect Europe . . .
Here, while Pederson emphasizes the need to set up a common infrastructure and start doing scientific work, Litton emphasizes the need to connect European researchers. Equally, they see the problems as slightly different:
Litton: I mean the biggest problem is not technology. The biggest problem is I guess, different ethics from different countries, researchers to work together in a way they haven't done, ever I guess . . . so, that's the main problem.
Pederson: Well the different countries have different guidelines and laws about access to data so that's one part of it and that is getting people who come from monogenetic inheritance type of studies with isolates and things like that, people who are used to Ratto: Foundations and profiles 43 looking at major gene effects to work with those of us who are in the field in a very uh, accustomed to working with quantitative traits and, uh . . . complex gene interactions and at the same time, those of us who have no background in what a database is, and how they need to be constructed to be communicated appropriately and what-not . . . In these quotes, both Litton and Pederson emphasize the different ethics and legal frames within the various countries involved. However, Pederson also mentions the different scientific backgrounds of GenomEUtwin participants. She distinguishes between people working from traditional epidemiology and molecular biology "who come from monogenetic inheritance type of studies" and "those of us . . . accustomed to working with . . . complex gene interactions." She ends by including as a third category, the new technologies involved.
For GenomEUtwin to be successful a diverse set of elements must be connected. Scientists from molecular biology, traditional epidemiology, twin research, and bioinformatics must find common ground, despite sometimes conflicting scientific understandings and ways of working. Equally, these scientists are located in different national contexts, often with different ethics and laws governing appropriate scientific work. Finally, the above quotations underscore the importance of technology and infrastructure as mediating between various disciplines, this despite the fact that not all groups have the same level of technical expertise or equipment. For example, when asked to describe the biggest challenge to their research, the respondents replied:
Pederson: . . . for the database core it's been the challenge that even two different genotyping laboratories, one of them had state of the art . . . Litton: and the other one had Excel . . . Thus, for the GenomEUtwin project, the construction of a joint, distributed database and complex statistical analytic methods serve as both the focus of the work, and a place where collaboration can take place. This is an important point to emphasize. The database itself serves as a common object around which a complex set of interests can organize. This was particularly emphasized in the technical annex to the EU funding proposal:
We aim to network individual research groups with only partially overlapping interest with the project by creating a system that facilitates distribution of statistical analyses of their data and even pooled data analyses over the Internet. (GenomEUtwin, 2001) And:
We aim to develop a computer infrastructure facilitating data mining of different existing databases. An important component of the system will be effortless merge of genetic and environmental and life-event data. We will to maximal extent harmonize the databases in participating centers and create a good structure for database management. (GenomEUtwin, 2001) Another key development here is that while the author uses the metaphor of data mining, she or he extends this with notion of different databases and the concept of an "effortless merge" of various kinds of data.
Further, GenomEUtwin has the express goal of linking strategic interest (competitiveness) and scientific and health value:
The expected outcome of this proposal will have a tremendous strategic impact on many areas of the European health care-associated industry. We will produce innova-44 Public Understanding of Science 15 (1) tions that will have wide-ranging applications and have tremendous potential to improve the competitiveness of Europe. (GenomEUtwin, 2001) Finally, it is stated that the GenomEUtwin project was created to address the complexity of gene-environment interactions and address dissatisfactions with current scientific perspectives on complex disease. In a special issue about GenomEUtwin in the journal Twin Research, some of the researchers state their opinion about using major gene effects to explain complex conditions like heart disease: "This may sound plausible enough, but when one considers that there might be several hundred polymorphisms involved in various systems and pathways which may affect atherosclerosis, the prospect is daunting" (Evans et al., 2003: 433) . But as "daunting" as the prospect might be, the authors go on to criticize epidemiologists who look for gene effects within epidemiological data, but do not connect their findings to genetic sequence information. They consider this a practice that is "no longer acceptable" (Evans et al., 2003: 433) given the information and techniques available to researchers since the end of the HGP.
The goals of GenomEUtwin detailed above are revealing of a number of important trends in large-scale biological work. These include the recognition that biology projects can help create strategic resources for Europe in terms of technical infrastructures and training, the way computing projects like databases serve as a common scientific object around which diverse interests can unite, and an express acknowledgement of the need to develop new tools and technologies for addressing the complexity of genetics.
"Profile" as a splicing metaphor
The reasons for a shift from genomic to "post-genomic" research are described in an article by Leena Peltonen, head of the GenomEUtwin project:
As the tools of the genome project are now in hand (Collins et al., 2003) there is no excuse for not minutely characterizing the predisposing genetic profiles underlying common traits. Based on this information we can then start to dissect the environmental and lifestyle components with high precision . . . (Peltonen, 2003: 354) Here, Peltonen is both recognizing the contribution of the "foundation" created by the HGP with her use of Francis Collins' own language, and, at the same time, indicating that it is now not enough. The next step according to Peltonen is to use the tools and information generated by the HGP and to extend it by focusing on genetic variation as well as lifestyle and environmental data. Notably, Peltonen uses the term "genetic profiles" to underscore her emphasis.
We see "profile" as a particularly productive splicing metaphor at work within the GenomEUtwin project. Like foundation, it is not a new term; a search through the Biosis abstract database 14 reveals a steady growth in usage from the around 7,000 times it appeared in biology journal article titles and abstracts in 1993 to approximately 16,000 times in 2003. In addition, like foundation, "profile" describes a discrete concept with spatial, temporal, and physical characteristics that can be understood as important to the GenomEUtwin organization.
How is it used?
The metaphor of profile is used in a variety of documents associated with GenomEUtwin. These include funding proposals, working documents, as well as scientific reports. For example, the technical annex for the GenomEUtwin project made liberal use of the term: "Using environmental and lifetime event data and genetic information we aim to use novel statistical analyses to produce genetic and life style risk profiles for these traits" (GenomEUtwin, 2001 ). This usage mirrors something of a shift in definition. Like foundation, profile is not a term that has been used uncontentiously within the domain of genetics. The concept of "genetic profiling" has been debated both in public policy (e.g. Brice, 2004; NHS, 2003) and in journalist accounts (e.g. GeneWatchUK, 2003; Lambert, 1998; Lawless, 2004) . However, the debated definition of profiling in those contexts is often attached to the use of genetic indicators in forensics (i.e. in criminal cases) and the possibility of genetic discrimination based on genetic testing. The use of "profile" above to refer to a combination of genetic and environmental data is a slight but important move away from a previous pure genetic focus. While the previous quotation described the goal of GenomEUtwin as "characterizing the predisposing genetic profiles underlying common traits" this quotation focuses on "produce[ing] genetic and life style risk profiles." This double-use, then blurs the line between profile as a physical construct associated with an individual, and profile as the result of "novel statistical analyses." This connection to statistical analysis leverages the idea of a profile as "a formal summary or analysis of data, often in the form of a graph or table, representing distinctive features or characteristics" (The American Heritage® Stedman's Medical Dictionary, 2002 ).
These profiles provide the basis for the evaluation of gene-environment interaction behind these traits. Such profiles are of utmost importance for health care related industries as well as national health care and prevention programmes in all European countries. (GenomEUtwin, 2001) This quote reveals that although the term profile does move towards a more complex theory of gene interaction, it does not entirely move away from the idea of genes as "foundational" for biological difference. Thus, while profile does not replace foundation, it does provide something of an ontologically less bound relationship between genes and environment. For example, the ideas of a profile as only an outline or contour or as "a human head represented sidewise, or in a side view; the side face or half face" (Webster's Revised Unabridged Dictionary, 1998 Dictionary, [1996 ) are ways of recognizing that genes are only part of the overall picture of disease and biological trait development. Also, a direct link is made between the generation of profiles and industrial as well as public interest.
Just like foundation then, the metaphor of profile provides a way to splice together a series of ideas about genetics, the development of technological solutions, and corporate and public interest. The complex set of ideas, technologies, and various interests connected with the metaphor of profile is particularly obvious in the below quote, which also demonstrates the most powerful aspect of a splicing metaphor-its ability to map scientific concepts to organizational and social issues:
The objective of the Project is to produce genetic and life style risk profiles at the population level. The eventual aim is to produce risk profiling that could be used in the future to advise an individual and/or her/his physician in making lifestyle and other choices that may influence health. Risk profiles are not open to abuse, for example, by insurance companies or employers. Information on such profiles, including genetic, environmental and lifestyle profiles will be invaluable in selecting study samples for phase II and III trials in drug development. Such profiles will pave the way for tailored drug choices for various patient groups, thus increasing the success of treatment, reducing complications and reducing drug development and treatment costs. (GenomEUtwin, 2004a) This quotation makes obvious the diverse uses to which the splicing metaphor of profile is put. Most importantly, the depiction of profile as a predictive statistical outcome of risk at both the individual and the population level, is leveraged for both social ("not open to abuse") and economic ("reducing drug development and treatment costs") purposes.
Above we pointed to the development of bio-informatics techniques as exploratory tools of discovery rather than as part of "decoding" efforts, as one of the novel aspects of "new genomics" projects. Here, a possibly useful comparison can be made between genetic profiling for genetic epidemiology and criminal profiling.
A key task of criminal profilers is to link up diverse cases in order to begin to determine what is called the "signature" of the criminal, "those behaviours or actions that fulfil a psychological or physical need in the offender" (Petherick, 2004) . Questions related to "fitness" are often connected to the practice of profiling-figuring out how well a particular case or individual meets of the contours of the established profile. In addition, profiles are often sorted into larger categories or typologies for assessment and statistical analysis. This seems similar in many ways to the practices emphasized in the following quote:
Risk factor profiles change throughout an individual's life span, necessitating knowledge of the status of these characteristics at multiple time points. Longitudinal data, when used in analyses of a twin cohort -and ultimately, combined with genotypic information -could provide valuable opportunities to learn how traits are affected by age-genotype and environment interactions over time. (Evans et al., 2003: 435) Like the aim of criminal profiling, the main task of genetic and risk profiling is to take disparate forms of information and make them comparable so as to generate a single "picture" of a complex phenomenon. In criminal profiling, the goal is to merge forensic, contextual, information about the victim, and assumed behavioral and psychological characteristics, in order to construct a single view of an offender. For the GenomEUtwin project, profiling serves as a way of uniting a series of disparate data sources into a single and generalizable result and, at the same time, maintaining a connection between the individual case and more general, population-level phenomenon. Similar dynamics have been noted by Beaulieu (2004) , in her work on digital brain databases.
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Profile thus serves as a good splicing metaphor of the GenomEUtwin project (and possibly other population biobanks) owing to the way it maps associations with statistics, entails horizontal rather than vertical approaches to gene finding, emphasizes longitudinal and environmental data, and de-emphasizes ontologically bound metaphors such as foundation, without throwing them out altogether. In addition, the results of this work-profiles that provide details about gene-environment-lifestyle interactions-are nicely objectified data sources that can be stored in databases, distributed (and possibly bought and sold), and compared and contrasted in order to reveal not just scientific insight, but also possible health benefits through the development of tailored drugs and public health regimes. Thus the profile becomes a way of both discursively and materially linking a series of important elements in the construction of the GenomEUtwin database project. One of the key aspects of this linking process is the way the insights ascribed to scientific work are connected to public (health policy, strategic infrastructure needs) as well as private (corporate) interests.
difference is the focus of each term. While both implicitly leverage scientific claims in order to legitimate the past and/or present need for the organization, their explicit focus is different. While foundation is used in the context of the project to describe both the role of genetics and the role of the HGP, profile is used to describe desired outcomes and, more importantly, deliverable products of GenomEUtwin. Foundation leverages scientific claims in order to explain why the HGP was necessary, profile connects GenomEUtwin to the promissory science of, among other developments, tailored medicines, health benefits, and, interestingly, protections against genetic discrimination (see above). This difference in focus is connected to the current temporality of each project: whereas GenomEUtwin is still in development, the HGP is over-though this does not decrease its power as an exemplar.
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It is important to recognize the continuing power of the foundation term. GenomEUtwin does not attempt to replace this characterization. Instead, it leverages it by agreeing with the temporal argument made by describing the HGP as the foundation, and continues this work by constituting itself-and its product, profiles-as the necessary next step. In both cases, the physical and conceptual "shape" of the splicing metaphor provides resources for particular characterizations of the project or its result, and serves as a means by which the scientists involved in their development can weave together a necessary but diverse set of interests and ideas.
Conclusions: splicing metaphors and large-scale scientific work
In this paper we have attempted to detail some of the issues, tensions, and new developments in genomics, by focusing on two projects, the Human Genome Project and GenomEUtwin. We have argued a number of related points, the first being that large-scale biological projects have a number of goals in addition to the development of scientific knowledge and direct health benefits. These goals include the construction of technological infrastructures, the development of training, and the creation of networks of experts. Equally, these projects provide the possibility for strategic alliances between scientists, policymakers, technology providers, and public health experts. A key object for the development and maintenance of these constellations of interests is the technical objects themselves-the databases that exist as both one of the products of scientific projects and a tool around which the interests can organize. In this sense, databases serve as technical infrastructures, social arrangements, as well as policy objects.
We have used the concept of splicing metaphor to detail the constellations of science and technology interests, including classical geneticists, molecular biologists, genetic epidemiologists, sequencing technology manufacturers, and science policy advisors whose goal is the maintenance and development of a genomic science infrastructure. Here we have shown how foundation functions as a way to both link up various interests, and temporally position the HGP within a longer sequence of scientific progress. Equally, we have detailed how profile is used to extend more ontologically bound positions on genetics (criticized for being determinist), without throwing them away altogether. We have also linked the uses of profile within GenomEUtwin to what we see as the three other main strategies in new genomics projects; first, profile provides a description of the outcomes of new bioinformatics techniques used to explore genetic diversity and environmental influences; second, profiles serve as objects of exchange between and within the networks of experts using genomic databases; and third, the concept of genetic and lifestyle risk profile demonstrates the possibility of doing ethically secure scientific research (though this is never fully explained) with the desirability of creating tailored medicines and health therapies.
As we indicated in the section on metaphor theory ( §2), the uses of metaphor within scientific communication and social organization are diverse. Our goal in this paper has been to extend these perspectives with a particular focus on the grounded analysis of terms that link together scientific concepts, ontological positions, multiple interests, and organizational needs. Our coining of the term "splicing metaphor" is an attempt to focus on the productive heterogeneity of language and, particularly, actors' own recognition and use of this fact.
We have attempted to remain somewhat neutral as to a normative evaluation on these projects, their promises, and their ultimate outcomes. 17 We see many aspects of these projects as positive, and demonstrative of a growing sensitivity towards social issues on the part of the scientists themselves. However, we also see the distributed networks of scientists, loosely organized by projects, trading in genetic information and located outside of any single national context, as an ethical and social problematic. While not denying the good will of the people involved (many of whom actively seek guidance on ethical and social issues), we would advocate for greater attention on these networks and the objects of their research.
To that end, we see terms like foundation and profile as productive tools for critical analysis. As Nerlich and Hellsten note, shifts in metaphoric expression are revealing of changes in the direction of large-scale genetic research (Hellsten, forthcoming; Nerlich and Hellsten, 2004) . The shift from foundation to profile thus mirrors a similar transition from sequencing to annotating examined by Hellsten (forthcoming). Both metaphoric shifts are indicative of a movement away from genetic archiving and description and towards more sophisticated attempts to make sense of the results of past genomic research. We also see in the use of the metaphor of profile an often explicit recognition of the limitations of purely genetic techniques and the desire to direct attention towards the complicated relationship between genes, lifestyle, and the environment. It should also be noted that such analyses, while dependent on previous genomic projects like the HGP, require new constellations of experts, new types of technological infrastructures, and, in the case of GenomEUtwin, novel relationships between public and private interests in order to be successful.
Finally, terms that help to splice together these kinds of projects are also places where they can be unraveled. One of the key aspects of the splicing process noted above is the way the insights ascribed to scientific work are connected to public (health policy, strategic infrastructure needs) as well as private (corporate) interests. The distributed nature of largescale biological projects and the increasingly sophisticated ways they link together multiple interests and diverse players make the analysis of such splices all the more important.
2 An interesting analysis would focus on exploring why various groups of scholars have tended to emphasize alternative views on metaphors. Such a disciplinary examination goes beyond the goals of this paper, but suffice it to say that we see a relationship between the explanatory aims of specific disciplines and their position on metaphor. 3 It is important to note that both "boundary objects" and "immutable mobiles" are typically understood as being socially productive (of organization or of knowledge), in part because they are material. While we focus on the materialized versions of the metaphors we study (e.g. in documents, pictures, and speeches) there is also something to be addressed in the non-material/conceptual aspect of these metaphors. A fruitful starting point for such an exploration might be the notion of the "imaginary" (Verran, 2001 ) and the "practice-bound imaginary" (Hyysalo, 2002 (Hyysalo, , 2004 . 4 The 2003 publication of a "complete" human genome sequence followed the "working draft" sequence that was released in 2001. The differences between these two sequences have to do with both the quality of the sequence, i.e. the error rate of assigned bases, as well as how contiguous it is. However, it has been noted that terms like "quality," "contiguous," and "complete" are defined differently by various sequencing efforts (Nature (15 February 2001) 409: 818-20). 5 For an historical overview of these criticisms, see Gannet (2003) . 6 For more on the use of this term as a metaphor within the HGP, see Lippman (1992) , Hubbard and Wald (1993) , and Nelkin and Lindee (1995) . 7 In the quotes that follow we will emphasize the terms under discussion by marking them in bold. 8 Four reports, written in 1991 8 Four reports, written in , 1993 8 Four reports, written in , 1998 8 Four reports, written in , and 2003 , are available on the NHGRI web site at http:// www.genome.gov/12010537. 9 This concept is explored in more detail in Fauconnier's (1994 Fauconnier's ( , 1997 ) work on conceptual blending. 10 This last definition is particularly interesting due to its connection to primum mobile, the term used by Aristotle to describe the "source of all motion." This connection between the concept of the DNA principle and Aristotelian physics was noted by Max Delbrück (Delbrück, 1971 , cited in Kay, 2000 . 11 In order to create a corpus to compare to our research documents, we relied on a subject classification scheme developed by Loet Leydesdorff (2004) . Using the journal titles associated with "molecular biology" we downloaded from PubMed all abstracts and titles included in these journals during 2003. Each set of abstracts and citations was compiled into a single text file which was then searched for all co-located word clusters associated with the term "genetic." 12 The Modrek and Lee (2002) article cited earlier provides a listing of various alternative splicing papers, projects, and databases. It is important to note that these authors themselves see purely bio-informatics approaches as suffering from a series of important problems (table 3 in the article), many of which can only be solved via experimental validations (i.e. "wet" laboratory work). 13 Details about the GTDB can be found at http://sourceforge.net/projects/gtdb/. 14 Biosis Previews is a subscription-based online searchable database of life science articles, conference proceedings, books, and patents. It constitutes a wider area of life science abstracts including, but not limited to molecular biology. We chose to use this database for our search in order to encompass the use of the term "profile" in epidemiology and genetic epidemiology in addition to molecular biology. It can be found at http://www.biosis.org/products/previews/. 15 She states, in a digitised informational setting such as that of the brain atlas, transformations of data are algorithmic and probabilistic. This means that the tension between the single case and the class of phenomena studied can be maintained, in a way that is not possible without significant computational power. (Beaulieu, 2004: 386) 16 Francis Collins, for instance, is currently head of the National Human Genome Research Institute. This institute was started to carry out the National Institute of Health's (NIH) role in the HGP. However, it has since become one of the 27 institutes that make up the NIH. As its Web site states, "The history of the HGP, the history of genomics, and the history of NHGRI, are inextricably intertwined" (http://www.genome.gov/10001763). 17 For an excellent overview of the social and ethical issues associated specifically with biobank research initiatives, see Rose (2001) and Einsiedel (2003) .
